When trichloroacetic acid (TCA) and trichloroethanol (TCE) in the urine of human subjects, rabbits, rats, and guinea-pigs were determined by Seto and Schultze's (I956) method, the recovery of TCE, added to urine, varied widely from 8i 3% in guinea-pig urine to i6-2% in rat urine. To obtain the maximum recovery of added TCE, Seto and Schultze's method was further modified to give satisfactory results (recovery rate of 95.9 to 98-5%) when applied to human urine as well as to the urine of the above species of animals. Urine samples from human subjects as well as from rats exposed to trichloroethylene were analysed by this modified method. The results showed that the ratio of TCE to TCA varies as a function of environmental trichloroethylene concentration, indicating that the determination of total trichlorocompounds gives a better index of trichloroethylene exposure than does the determination of TCA alone.
Trichloroethylene has been used extensively in industry as a degreasing agent and, to some extent, in medicine as an anaesthetic. Its general, pharmacological, and toxicological characteristics were reviewed by Defalque (I96I) and Smith (I966) . The metabolism of trichloroethylene has been elucidated by Butler (I949) , Leibman (I965) , Byington and Leibman (I965) , Cooper and Friedman (I958) , and Friedman and Cooper (I960) . Seto and Schultze (1956) reviewed the methods for the determination of trichloroethylene and its metabolites in biological samples and developed their method for the determination of trichloroethylene, trichloroacetic acid (TCA), and trichloroethanol (TCE) in bovine urine. In this and other methods the glucuronide of TCE in urine is hydrolysed and oxidized by oxidants to TCA, which is determined colorimetrically by the Fujiwara reaction.
When we applied their method to the determination of TCE in the urine of human subjects, rabbits, guinea-pigs, and rats, the recoveries of added TCE were not so good as those reported in bovine urine. This paper presents the results of our experiments to evaluate and modify Seto and Schultze's (I956) method. Good recoveries of added TCE could be achieved when more drastic oxidation conditions were used. The modified method was used to estimate the TCA and TCE in the urine of human subjects and of rats exposed to trichloroethylene.
Materials and Methods
Apparatus, Reagents, and Materials Test tube (2 cm. x 20 cm.) with an air condenser (cork fitted with a glass tube of 3 mm. inner diameter, and I0 cm. long).
Oxidizing agent: 8 g. of chromium trioxide (CrO), 5 ml. of H20, and I5 ml. of concentrated (about 6i%) HN03.
Trichloroacetic acid: reagent grade, molarity determined by titration (Pharmacopoeia of the U.S.A., I960).
Trichloroethanol (commercial preparation bought from K & K Laboratories, Inc., Plainview, N.Y., U.S.A.) was redistilled and the clear fraction obtained at I51°C. (Merck Index, I952) was used. The purity was assayed as described later and was found to be 86-o + o 5% pure (based on 24 determinations).
Urine samples: normal human urine samples were collected from healthy adults who were on an ordinary Japanese diet and had had no known exposure to trichloroethylene for at least one month prior to the sampling. Urine samples of trichloroethylene-exposed workers were collected on Friday afternoon. Albino rabbits, Hartley guinea-pigs, and Wistar rats were kept on commercial laboratory diet and water ad libitum. 
Results
Optimum Conditions for Digestion of Urine Sample for Determination of Total Trichlorocompounds To obtain sufficient oxidation of TCE in the urine, it was found that the oxidizing agent and conditions should be more drastic than those used by Seto and Schultze (I956) . By their method, the worst recoveries were from rat urine (Table I) , which was therefore used to develop a satisfactory method.
Figures i and 2 show that the best results were obtained with a o 5 ml. portion of the mixture of 8 g. chromium trioxide, 5 ml. water, and I5 ml. concentrated nitric acid as oxidant. The optimum digestion temperature was about 65sC., and digestion at this temperature had to be continued for at least 4 hours (Fig. 2) .
Optimum Conditions for Fujiwara Reaction The samples developed the maximum colour with KOH solution between 7 o and 8-6 N. Hence 7-8 N KOH was chosen for routine use. Figure 3 shows that at least 40 minutes were required for colour development in the Fujiwara reaction. The intensity of colour did not decline for at least one hour after it reached its plateau, so a reaction time of 50 minutes was thought to be sufficient.
Comparative Study on Seto and Schultze's (1956) Method and the Present Modification Both Seto and Schultze's (I956) method and the present modification gave satisfactory recoveries of TCA, added to the urine from various species of animals (Table I ). In contrast, the recoveries of TCE added to urine were rather poor by Seto and Schultze's method. Satisfactory recoveries (>95%) were obtained with the present modification in which-more drastic oxidative conditions were employed.
Application of the Modified Method to the I6-2 ± I2-3 79-2 ± 8-9 8I-3 ± 13-4 73-8 ± 3-I 75-3 6-o Modification 97*4 ± 3*0 95.9 ± 2-5 98-2 ± I*6 98-5 ± 21-98 i 2*0
For rats and guinea-pigs the urine from 7 rats or 5 guinea-pigs was pooled for each determination. Individual urine samples were used for humans and rabbits. An aliquot of either TCA (2 ,umoles/ml.) or TCE (2 umoles/ml.) solution was mixed with an equal volume of the urine (or water, in the case of control), and the mixture was analysed by Seto and Schultze's (1956) Urine Samples of Trichloroethylene-exposed Workers The modified method was used to determine the TCE and TCA levels in the urine of those with no known exposure to trichloroethylene and of those exposed to trichloroethylene in their 1.000. daily work. The results are summarized in Table II. In the former group, 30 men and 34 women, the amounts of the two compounds were very small and rarely exceeded 2 mg./litre. In the latter group there were I4 men exposed 8 hours daily to I20 to 250 p.p.m. of trichloroethylene and ii women exposed 8 hours daily to 20 to 8o p.p.m. The concentrations of the two compounds in the urines of trichloroethylene-exposed groups were much higher than in the urines of the non-exposed group. As for Fig. I . except that the components of the oxidizing mixture were varied as below, and the duration of digestion at 65sC. was varied from one to five hours. Groups of female Wistar rats, weighing about 5o g., and six animals per group, were exposed to trichloroethylene at various concentrations for 8 hours. Urine from each group was collected for 48 hours from the beginning of the exposure. Each point in the figure represents the amount of metabolite in each urine sample thus obtained. Lines in Fig. 4A , C, and D are calculated regression lines. The curve in Fig. 4B was drawn by eye. samples were collected for 48 hours. The amounts of metabolites excreted afterwards were less than 5% of those excreted within the initial 48 hours. The total trichloro-compounds in urine increased in proportion to the trichloroethylene concentration in air (Fig. 4A) . The TCA in urine was, however, only proportional to the trichloroethylene concentration up to I00 p.p.m., and was no longer proportional when the concentration was elevated further (Fig. 4B) . TCE (i.e., total trichlorocompounds minus TCA) also increased in proportion to the trichloroethylene exposure because the amount of TCA was much smaller than that of total trichloro-compounds (Fig. 4G ). The ratio: TCE/TCA increased from below 6 to over 9 when trichloroethylene concentrations were varied from I5 P.P.m. tO 200 p.p.m. (Fig. 4D ).
Components of the Oxidant

Discussion
The determination of TCE by Seto and Schultze's (I956) method was employed in our study at first but this gave poor recoveries of TCE added to the urine of human subjects and various species of animals (Table I ). Rat urine gave recoveries of TCE too low for reasonable estimation by this method. The critical part of this procedure seemed to be the oxidation of trichloro-compounds to TCA. It was suspected that the oxidizing conditions described by Seto and Schultze (1956) (Table I) . It was also convenient to use a water bath at the same temperature for both oxidation and the Fujiwara reaction.
The oxidation method given by VlachovaI (I957) was applied to TCE determination in urine, in which 2 g. potassium bichromate in 70 ml. concentrated sulphuric acid and 30 ml. water are used, and oxidation is carried out at 70°C. for 5 minutes. Recoveries of TCE and TCA were similar but very low, possibly due to the heavy precipitation of salt observed in this method rather than to the incomplete oxidation of TCE.
The metabolism of trichloroethylene is as in Fig. 5 (I960) reported that in their human experiments an average of 73% of the trichloroethylene calculated to be retained by the body was excreted into the urine as TCE (5o%), TCA (i9%), and monochloroacetic acid (4%). For industrial hygiene purposes, therefore, determination of TCE as well as TCA in urine is considered to give the most representative picture of trichloroethylene exposure and absorption. When the modified method was applied to the urine of two groups offactory workers, the results varied from subject to subject, probably reflecting variations in exposure and also probably variations in excretion rate, as only single urine samples were taken. However, the average levels of TCE and TCA in each group reflected the exposure level. The ratio: TCE/TCA in the urine of the factory workers reported here ranged from 0o73 to 4 20 (average I-69) in one group and o 58 to I-43 (average o 9) in the other group and agree well with those reported by others, e.g., 2 to 7 by Teisinger and his colleagues or o 5 to 5 by Bardodej and Krivucova, both as quoted by Soucek and Vlachovd (I960) . This ratio was higher in the group exposed to higher concentrations of trichloro-
